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S U M M A R Y
Objectives: We investigated a diarrhea outbreak that occurred at a university in China to identify the
etiological agent of the outbreak, source of infection, mode of transmission, and risk factors.
Methods: In this case–control study, we compared the food sources and examined the food and water
items consumed between the probable and conﬁrmed cases and the asymptomatic control students,
who were selected randomly and frequency-matched by class and age at a ratio of 1:2.
Results: Out of 7141 students (excluding teachers), 87 (1.2%) developed an illness. Thirty-three of 44
(75%) cases and 11 of 88 (13%) control students had consumed bread products supplied by an unlicensed
small bakery (odds ratio 21, 95% conﬁdence interval 8–60). Norovirus GII was detected in seven patients
and in a food handler at the bread workshop and his 8-month-old son.
Conclusions: The outbreak of gastroenteritis was caused mainly by bread products contaminated with
norovirus GII. A food handler with an asymptomatic norovirus GII infection was the possible source of
infection.
 2014 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/3.0/).
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Noroviruses (NoVs) are members of the Caliciviridae family and
are recognized as a cause of acute non-bacterial gastroenteritis
worldwide.1,2 NoVs can be divided into ﬁve genogroups, designat-
ed GI–GV.3 The majority of human NoVs can be classiﬁed into three
genogroups, GI, GII, and GIV, which are subdivided into the
following genotypes: at least eight GI, 21 GII, and two GIV.3,4 GII.4
has been associated with the majority of viral gastroenteritis
outbreaks worldwide in recent years.5
Foods may be contaminated by contact with human fecal
matter at the source6 or by unhygienic manipulation by a food
handler excreting the virus.2 The virus can be excreted in the
absence of symptoms,7 so improper manipulation by an asymp-
tomatic food handler can lead to an outbreak.8,9
On December 19, 2012, it was reported that 30 people from the
university in Jimei District, Xiamen City, China had developed* Corresponding author.
E-mail address: niujianjun62@163.com (J.J. Niu).
http://dx.doi.org/10.1016/j.ijid.2014.06.022
1201-9712/ 2014 The Authors. Published by Elsevier Ltd on behalf of International So
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).acute diarrhea and fever. Rectal swab samples from seven of the
patients were found to be positive for NoV GII using reverse-
transcriptase PCR (RT-PCR). In order to provide effective control
measures, we surveyed the outbreak to verify additional cases and
the source of infection, vehicle for infection, and mode of
transmission.
2. Methods
2.1. Study design
The outbreak was investigated immediately after it was
reported on December 19, 2012. The investigation was exempted
from ethical approval and any requirement for informed consent
because it was in response to an acute public health emergency.
Despite this contingency, we still informed each subject verbally
before the investigation and a signed questionnaire was obtained.
The whole investigation was recorded comprehensively by an
investigator and all of the relevant documents were ﬁled
appropriately.ciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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NoV cases were identiﬁed by the onset of vomiting or diarrhea
(3 times/day) in any person at the university during December 9–
23, 2012. Probable cases were suspected cases with at least two of
the following symptoms: fever, abdominal pain, nausea, and
headache. Conﬁrmed cases were suspected and probable cases
with NoV GII-positive stool specimens, rectal swabs, or vomit.
2.3. Case ﬁnding
Electronic medical records collected from Jimei District
Hospital and the university inﬁrmaries were reviewed systemati-
cally, especially for patients with vomiting, diarrhea, abdominal
pain, and fever. Case deﬁnitions were applied to the review of
medical records to identify cases. The teachers and staff were
requested to verbally report cases of illness in any student by
telephone from December 11 to 23, 2012.
2.4. Case–control study
All of the probable and conﬁrmed cases with onset from
December 12 to 19, 2012 were enrolled in the case–control study.
The control students were selected randomly from asymptomatic
students at a ratio of 1:2, frequency matched by class and age. A
questionnaire survey was conducted by face-to-face interview to
collect the following data: demographic information, date of
illness onset, symptoms, duration of illness, and history of
exposure to suspected food and water. We also compared the
refectory records between cases and control students.
2.5. Laboratory investigation
In order to identify the possible pathogens, including NoV,
rotavirus, Vibrio cholerae, Shigella, and Salmonella, we collected
rectal swabs, stool samples, vomit, and hand swab specimens from
cases, refectory employees in the university, and employees of
unlicensed bakeries. The total bacterial count was obtained from
water samples to identify possible bacterial contamination, and a
fecal coliform count was also obtained to determine fecal
contamination. All bacterial tests were performed in accordance
with standard protocols. Viral nucleic acid was extracted from
rectal swabs and vomit. Suspensions of rectal swabs were prepared
by adding 2 ml phosphate-buffered saline following brief vortex-
ing. In the extraction step, an aliquot of 1 ml liquid feces was spun
at 1000 g for 5 min, and total RNA was extracted from 200 ml
supernatant using a MagNA Pure LC Total Nucleic Acid Isolation Kit
(Roche, Mannheim, Germany).
Laboratory tests were conducted in accordance with standard
protocols. The specimens were tested in the Laboratory of Xiamen
Center for Disease Control and Prevention for bacterial pathogens
using conventional microbiological methods and for NoV by RT-PCR.
2.6. Genotype analysis of NoV
We managed to identify NoV RNA in nine samples using real-
time PCR; the RNA of these nine positive samples was isolated using
a further laboratory assay. The Qiagen OneStep RT-PCR Kit was
used to amplify the RNA-dependent RNA polymerase (RdRp)
fragment of NoV. The primer sequences were NVRPf 50-ATACCAC-
TATGATGCAGATTA-30 and NVRPr 50-TCATCATCACCATAGAAAGAG-
30. Agarose gel electrophoresis was utilized to retrieve ampliﬁcation
products of 327 bp, and the products were sent to Invitrogen
(Shanghai, China) for sequencing after puriﬁcation. Multiple
genotype sequences were downloaded from GenBank, and the
cluster and neighbor-joining method was performed to identifythe genetic relationship between local NoV and other strains from
home and abroad.
2.7. Environmental investigation
To identify infection risk factors, we implemented an environ-
mental survey, including the working conditions in the bakery, the
bread-making process, and the bread sales channels.
2.8. Statistical analysis
Univariate analysis (Student’s t-test, Pearson Chi-square test)
was used to compare the distributions of age and sex between the
cases and controls. The Mantel–Haenszel Chi-square test was used
to assess risk factors. Statistical analyses were performed using
SPSS version 15.0 (SPSS Inc., Chicago, IL, USA). p-Values were two-
sided and p < 0.05 was considered statistically signiﬁcant.
With regard to the establishment of a phylogenetic tree, we
downloaded the 17 sequences of NoV GI and GII from GenBank as
reference sequences for alignment analyses. These sequences were
aligned by ClustalW 2.0, then a phylogenetic tree was constructed
using the neighbor-joining method of MEGA version 6.0.
3. Results
We identiﬁed 87 cases including 38 suspected cases, 42 possible
cases, and seven conﬁrmed cases that occurred from December
11 to 22, 2012. All cases were students. The attack rate was 1.2%
(87/7141). No cases were identiﬁed among faculty or staff
members. Also, no case was found among the family members
of the teachers and staff or the urban residents living around the
university. Among the 87 cases, 62 (71%) experienced vomiting
and other common symptoms, including nausea (66%), diarrhea
(60%), abdominal pain (46%), fever (25%), headache (5%), and
dizziness (2%). None were hospitalized. Sixty-one percent (53/87)
were male, and the median age was 20 years (range 18–23 years).
The outbreak lasted for 12 days, starting at 08:00 h on December
11. According to the incubation period of NoV, the epidemic curve
in affected classes appeared to be that of a continuous common
source pattern with seven peaks (Figure 1). The time interval
between adjacent peaks was 24 h (except between peaks 5 and 6,
which was 72 h).
The attack rate ranged from 0.6% to 1.6%, and there was no
signiﬁcant difference between the different grades of the
university (Chi-square = 7.12, p = 0.07). The attack rate of the
31% (61/194) affected classes ranged from 2.0% to 13%. The attack
rate in male students was 3.6%, compared to 4.0% in female
students; the difference was not signiﬁcant (Chi-square = 0.24,
p = 0.6).
Teachers and students all drank barreled water that was
provided by Xiamen Wahaha Food Co. Ltd, and had meals in the
university refectories. Among 87 cases, 63 (72%) had eaten bread
products 2 days before the onset of illness, compared to 41 (84%)
among the 49 probable and conﬁrmed cases. According to the
epidemic curve, we observed a total of seven incidence peaks, and
the bread consumption peak occurred at 24 h earlier than every
incidence peak (Figure 1).
Forty-four probable and conﬁrmed cases and 88 control
students were enrolled in the case–control study. Thirty-eight of
44 (86%) cases and 14/88 (16%) control students ate bread products
(odds ratio (OR) 33.5, 95% conﬁdence interval (CI) 11–111)).
Thirty-three of 44 (75%) cases and 11/88 (13%) control students ate
bread products supplied by an unlicensed small bakery (OR 21, 95%
CI 8–60) (Table 1).
The environmental investigation demonstrated that the bakery
workshop located in Baishi Village was only 15 m2. The drinking
Figure 1. Epidemic curve for reported cases of norovirus II by 8-h interval in the university—Xiamen, Fujian, China, 2012.
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The shopkeeper of the bakery served as the only baker. There were
ﬁve people in his family and all of them were in good physical
health, except for his son, who was reported to have fever and
inﬂuenza on December 11, 2012. According to the shopkeeper’s
statement, the standard protocol for baking bread maintained a
temperature of 180–250 8C for at least 20 min. However, there
were no records of baking temperatures or times. The ﬁnished
products were delivered to the ‘new and better pastry boutique’ in
the 1F canteen of the university on Monday to Friday every week.
NoV GII was detected in seven cases, the food handler of the
bakery, and his 8-month-old son (Table 2). Other environmental
samples collected from the bakery, employees of the university
refectories, and the food handler’s other three family membersTable 1
Risk of norovirus II by exposure in 44 probable and conﬁrmed cases and 88 controls in
Food types/refectory record Number 
Cases
(n = 44)
Bread products provided by all companies 38 
Bread products provided by the unlicensed small bread company 33 
Refectory record 89# 4 
Refectory record 81# 13 
Refectory record 72# 10 
Refectory record 94# 18 
Refectory record 92# 12 
Refectory record 22# 12 
Refectory record 7# 7 
Refectory record 70# 6 
Wahaha barreled water 29 
Refectory record 61# 4 
Refectory record 90# 3 
Refectory record 113# 2 
OR, odds ratio; CI, conﬁdence interval.tested negative for NoV, Shigella, V. cholerae, and Staphylococcus
aureus. Total bacterial and coliform counts in ﬁve Wahaha barreled
water and 19 tap water samples were normal.
Phylogenetic analysis indicated that the NoV strains detected in
nine specimens (seven conﬁrmed outbreak cases, the food handler,
and his 8-month old son) were all NoV GII.4 reference strains. The
homogeneity was >97% over 329 bp of the RdRp region. Further
analysis revealed that the virus that caused this outbreak was the
same strain detected during NoV surveillance in Xiamen City in
2010 (HM195200jNoV Hu/Xiamen/2010/GII.4). Moreover, we
found that the strain was highly homologous with EU366113jNoV
NoV Hu/Beijing/2006 and AB294793jNoV Hu/JP/2006/GII.4, which
showed that NoV GII.4 was the dominant genotype, with a wide
geographic distribution (Figure 2). the university, Xiamen, Fujian, China, 2012
Exposed (%) OR 95% CI
Controls
(n = 88)
Cases Controls
14 86 16 33.5 11–111
11 75 13 21.0 8–60
3 9 3 2.8 0.5–20
13 30 15 2.4 0.93–6
9 23 10 2.6 0.87–8
27 41 31 1.6 0.7–4
19 27 22 1.4 0.5–3
20 27 23 1.3 0.5–3
11 16 13 1.3 0.4–4
13 14 15 0.9 0.3–3
70 66 80 0.8 0.7–1.1
11 9 13 0.7 0.1–3
10 7 11 0.6 0.1–2
10 5 11 0.4 0.04–2
Table 2
Test results among case students, environmental samples, and food handlers from the university dining room and an unlicensed bread workshop
Place Type Number Norovirus II
The unlicensed small
bread company
Water 6 Negative
Plate 1 Negative
Refrigerator smear samples 1 Negative
Work station 1 Negative
Plastic bucket 1 Negative
Stainless steel barrel 1 Negative
Funnel 1 Negative
Cutting tool 1 Negative
Blender 1 Negative
Rectal swabs of the food handler family The food handler 1 Positive
The food handler’s 8-month-old son 1 Positive
The food handler’s wife 1 Negative
The food handler’s daughter 1 Negative
The food handler’s mother-in-law (sells bread in the new and better pastry boutique) 1 Negative
The university refectories Employee rectal swabs 13 Negative
Case students Rectal swabs 9 7 Positive
Total 41 9 Positive
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Currently, NoV is considered the leading cause of food-borne
disease and acute non-bacterial gastroenteritis worldwide.10
Infections with NoV are estimated to cause 23 million cases of
gastrointestinal illness per year in the USA. Asymptomatic infected
individuals can still shed virus in their stools.11,12 Asymptomatic
excretion of NoV is recognized in facilities with13,14 and without15
outbreaks. In this investigation, we documented an outbreak of
NoV GII gastroenteritis caused by a food handler with asymptom-
atic infection.
In this outbreak, the statistical analysis did not identify any
signiﬁcance among the foods eaten in the university refectories asFigure 2. Cluster analysis of samplesthe vehicle of infection, because the exposure rates of cases
through the refectory records were low; the epidemic curve
showed a continuous common source pattern with seven peaks
(Figure 1), but the time interval between adjacent peaks was 24 h
(except between peaks 5 and 6, which was 72 h). However, three
facts suggest that the food vehicle was probably the bread products
provided by the same bakery (Table 1). First, 75% of cases and 13%
of control students consumed bread products supplied by the
bakery (OR 21, 95% CI 8–60). Second, the bread products were
provided only between Monday and Friday every week, which led
to the 72-h interval between peaks 5 and 6 in the epidemic curve.
Third, the same type of NoV GII was identiﬁed in seven cases and
the food handler in the bakery. with norovirus in the outbreak.
Z. Guo et al. / International Journal of Infectious Diseases 28 (2014) 101–106 105This investigation described an outbreak of NoV GII among
students in the university. Illness was associated with the
consumption of bread products provided by an unlicensed
bakery. NoV is extremely contagious, with an estimated
infectious dose as low as 18 viral particles.16 NoV transmission
occurs through three general routes: person-to-person, food-
borne, and water-borne. Food-borne transmission typically
occurs by contamination from infected food handlers during
preparation, processing, and service, and in the food distribution
system.17–19 The high temperature used in food processing is
capable of eliminating viruses, however, it is likely that the
contamination occurred after baking via the hands of the
food handler during the packing procedure. We speculate that
NoV GII was spread asymptomatically among the food handler’s
family, resulting in contamination of the bread products. This
speculation is based on the food handler and his 8-month-old
son testing positive for NoV. The bread products were probably
contaminated directly by the asymptomatically infected food
handler, or indirectly via contaminated food preparation
surfaces or utensils.
We found that the gastroenteritis outbreak of NoV GII was
mainly via food-borne transmission in the university. Person-to-
person transmission was tested for but not identiﬁed as the main
risk factor for causing the outbreak. However, for the time period
during the outbreak, person-to-person transmission was plausible.
NoV outbreaks with initial food-borne transmission, further
propagated by person-to-person transmission, have been reported,
especially in relatively closed environments.20,21
The current strategy to prevent food-borne infection recom-
mends that food handlers with diarrhea should not work until
48–72 h after becoming asymptomatic.22,23 However, it has
been demonstrated that shedding of NoV may last longer.24,25
The virus has been detected in stool samples for a median of
4 weeks and for up to 8 weeks after virus inoculation.25 During
the present outbreak, transmission was person-to-person or
food-borne among the food handler’s family 10 days previously,
because the food handler’s 8-month-old son was positive
for NoV and had fever and inﬂuenza on December 11,
2012. Therefore, the recommendation for exclusion of workers
for 48–72 h after the disappearance of symptoms may not have
been sufﬁcient to avoid virus transmission. We recommend that
food handlers should only return to work after three consecutive
stool specimens collected at 1-day intervals test negative for
NoV.
The present NoV outbreak had two possible sources. One
was that the baker was the initial case with NoV infection, and
the food was contaminated with the virus that he carried.
Meanwhile, his family members were infected with the same
virus via close personal contact. However, it is also possible that
the infant was the initial case and transmitted the virus to his
father. Infection of the food handler from his son may be
attributed to poor education and lack of health knowledge
and awareness. It is possible that the food handler did not
thoroughly wash his hands before consuming food or making
bread.
A major limitation of our investigation was our inability to
analyze all bread products or their components. No bread
products were collected during the outbreak. We were unable
to determine whether the bread components were a vehicle for
NoV transmission.26 A second limitation was the delay in
carrying out the survey, 1 week after the incident, which may
have resulted in recall bias for some factors and misclassiﬁcation
bias.
In conclusion, this gastroenteritis outbreak emphasizes the
importance of preventing food-borne transmission of NoV. This
event demonstrates that some food processing enterprises lackHazard Analysis Critical Control Point (HACCP) management and
effective evaluation of food processing steps. Our results also show
that it is necessary to analyze stool samples from all food handlers,
especially those who are asymptomatic, during outbreaks of NoV
gastroenteritis. Given the importance of food handlers in the
prevention of NoV infection, all means should be used to promote
health education, hygienic manipulation of food, cleaning, and
disinfection.
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